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Abstract

In-situ rock magnetic susceptibilities and (or) remanent magnetic polarity measurements 

for 408 sites in the Silverton Caldera area of the San Juan Mountains of southwestern Colorado 

are reported. Of these, 108 sites are underground and 300 sites are distributed on the surface. 

These data form the basis for a detailed study of magnetic susceptibility as a function of rock 

alteration in this mineralized system. The data show that the alteration processes homogenize 

the magnetic susceptibility at low values, whereas the susceptibility distributions of the 

unaltered rocks are extremely heterogeneous and are in fact fractally distributed. Polarity of 

remanent magnetization measurements of the Eureka tuff have shown that the tuff mapped 

within the Silverton Caldera is normally polarized whereas that outside the ring faults is 

reversely polarized. Magnetic susceptibility measurements also show that the two tuffs are 

distinct.

Introduction

This report presents the results of in-situ measurements of rock magnetic susceptibility 

and remanent magnetic polarity carried out during the summers of 1991 and 1992 on outcrops 

of rocks of the Silverton Caldera and its surrounds in the Western San Juan Mountains in 

southwestern Colorado. This activity was completed as part of a larger project to study the 

relationships between the magnetic field measured at high spatial resolution and rock 

alteration associated with mineralization in several well-explored but essentially unmined min 

eralized porphyry systems. Our purpose here is to present the data collected in some detail so 

that it will be available to other investigators working on related problems. Many of the analyses 

and implications of these data will be presented in subsequent papers.

Data description

Measurements of rock magnetic susceptibility, remanent polarity, or both, have been 

completed at 408 sites within the study area, of which 108 are underground. The results of 

these measurements are presented in tabular form in Appendix 1 and the distribution of sites



on the surface is shown on the sketch map of Plate 1. Magnetic susceptibility was measured 

using a Sapphire Instruments model SI-1 equipped with a 20x20 cm flat field coil designed for 

measurements on outcrops. Remanent magnetic polarities were measured using several 

fluxgate magnetometers made by California Instruments (model 70 magnetometer). The use of 

brand names in this document is for descriptive purposes only and does not constitute 

endorsement. For the polarity measurements, oriented hand samples of 0.5 to 5 kg mass were 

used. Care was taken in collection of oriented samples to sample from areas which appeared to 

be as protected from lightning strikes as possible. Most specimens were measured for polarity 

at least twice to minimize errors in direction of polarization.

In the laboratory, numerous tests and repeated measurements have shown that the SI-1 

has a precision of 2E-7 cgs/cc (cubic centimeter) or better, providing the sample volume is 

adequate. In the field, however, our results have been more ambiguous and our experience 

indicates that the precision as indicated by the standard deviation of repeated measurements is 

more often about 0.4% of the mean susceptibility. For example, a calibration site at the Idarado 

Mine Offices about 10 m from the nearest building gave a mean susceptibility of 1.012E-3 

cgs/cc and a standard deviation of 4.367E-6 cgs/cc for 22 sets of 5 measurements each over a 

17 day period. In a profile (AJAX- Ho -33, Append. 1) well removed from power lines, three 

occupations of 5 measurements each over a 5 hour period gave a mean of 1.4101E-6 cgs/cc 

with a relatively large standard deviation of 4.43E-7 cgs/cc. Power fluctuations in power lines 

and other magnetic disturbances cause variations of the background which contribute to a less 

precise measurement in outside conditions. Absolute accuracy has not been evaluated but is 

claimed to be better than 80% under all conditions by the manufacturer. It should be noted that 

the inductive technique used by the SI-1 to measure magnetic susceptibility does not work in 

conductive substances and yields negative values due to eddy currents. Some measurements at 

sites with high sulphide contents show this behavior (Append. 1).

Initially, we used N values, the number of repeat measurements at a site, of 7, 9, 11, or



13. We soon discovered that for the rock outcrops in the study area, it was generally impossible 

to find more than about five different, relatively flat, coil-size areas on the outcrop to measure. 

One of the objectives of our measurements was to establish the variability of the distribution of 

magnetic minerals in the rocks at outcrop scale so that repeating an area of the outcrop was 

undesirable. Thus we settled on using 5 measurements at most outcrops as a standard. If more 

flat spots were available (rarely), a second set of measurements was taken. A sample time of 2.6 

sec for each measurement was used for all sites. The field coil for the SI-1 measures the average 

susceptibility for a 20 by 20 cm area to a depth of about 15 cm, and thus samples about a 6000 

cc volume. Most outcrops measured were about 2 by 3 m in size with the five sample spots 

essentially randomly distributed over the outcrop. For consistency in measurements, it was 

found to be important to measure only relatively flat portions of the outcrop where the sample 

coil made close contact; measurements on rough surfaces always yielded larger standard devia 

tions because of gaps beneath the coil.

Site latitude, longitude, and altitude were obtained from 1:24,000 scale topographic 

maps except for specimen SAPM-1, obtained from a 1:250,000 scale map, and the underground 

sites. Geologic data were obtained from published geologic maps (Burbank and Luedke, 1964, 

1966; Lipman, 1976; Luedke and Burbank, 1962, 1987; and Steven and others, 1974) and field 

examinations.

Discussion

Our objective is to characterize the magnetic susceptibility of the various rock units of 

the Silverton Caldera and surrounds in a simple yet robust way. We have chosen to do this by 

producing scatterplots of measured mean magnetic susceptibility versus standard deviation of 

susceptibility for all sites within a given map unit. We have observed that the variability of the 

magnetic susceptibility is as important a property as the mean in characterization of these 

rocks. Accordingly, the data from Appendix 1 have been grouped by map unit to produce the 

plots shown in Figures 1 to 10 for the following formations and rock units: 1) Telluride conglom-



erate; 2) San Juan formation, 3) Picayune formation; 4) Eureka tuff; 5) Burns formation; 6) 

Henson formation; 7) Potosi volcanic series (Gilpin Peak tuffs); 8) Carpenter Ridge, Clear Lake 

and Fish Canyon tuffs; 9) dikes and veins; and 10) quartz latites. In these plots, no attempt has 

been made to eliminate rocks which were altered or otherwise unrepresentative, thus the plots 

represent the true observed range of mean and standard deviation of magnetic susceptibility for 

each map unit. For some units there are not enough sites to properly characterize the unit, but 

the data at least offers a lower bound on the range of mean and variability of susceptibility for 

the unit.

Examination of the figures shows that, in general, the sites with the lower magnetic 

susceptibilities are less variable in their susceptibility, whereas the sites with higher 

susceptibilities are more variable. Since the low susceptibilities correspond to the most altered 

rocks, we conclude that the alteration process has been very efficient at reducing susceptibility 

and has led to a more homogeneous susceptibility distribution than in the unaltered areas. The 

large variability of susceptibility in the unaltered rocks is consistent with the observation by 

Pilkington and Todoeschuck (1993) that magnetic susceptibility is fractally distributed at least 

on the scale of centimeters to meters. The data shown here and in Gettings and others (1993) 

show that the scale of fractal distribution can be extended to km.

The Eureka tuff unit (Append. 1 and Fig. 4) has yielded some very interesting results. All 

sites within the sub-circular pattern of faults defining the Silverton Caldera (sketched in Plate 

1) are normal in polarity (sites AR-4, AR-10, AR-15, AR-17, AR-19, AR-20, AR-21, AR-22 (the 

type locality at Eureka townsite), PG-1, PG-2, PG-3, KM-1, TIM-1, and OPR-1A and OPR-1B). 

Site OPR- 1A and - IB (about 2m apart) are near the summit of Ophir Pass and are regarded as 

anomalous since their direction was very abnormal (pole down just magnetic south of vertical) 

and four other specimens, one from the same outcrop (OPR-IE) and three from surrounding 

outcrops (OPR-1C, -IF, and -1G) within 30 m were all reversed. Specimens from Eureka tuff 

outcrops outside the caldera to the south, west, and northeast are all reversed (sites SP-5, SP-6,



BR-3, GAM-1, CG-1, IP-4, IP-4B, OPR-1C, -IE, -IF, -1G, MC-1A, -IB, NG-2, -3, and -4). As 

Figure 4 shows, the fields of magnetic susceptibility of the normal and reversed groups, while 

not totally mutually exclusive, are distinct, with the normally polarized rocks generally having 

a higher magnetic susceptibility. One of the objectives of our continuing fieldwork is to sample 

the Eureka tuff outcrops outside the eastern edge of the Silverton Caldera to determine if the 

normally polarized Eureka tuff is entirely intracaldera or if it flowed eastward beyond the 

caldera wall. We have also discovered a section of ash flow tuffs of significant thickness on Ohio 

Peak, whose correlation with the rest of the stratigraphic section is as yet unknown.

We have grouped all measurements in a map unit and recomputed a single N (number 

of measurements), mean susceptibility, and standard deviation for the unit. These results are 

shown in Table 1 and displayed graphically in Figure 11. While the figure does appear to 

discriminate between some units, it must be used with caution because examination of the 

individual distributions shows that the mean frequently lies in a very sparsely populated part 

of the distribution. This emphasizes the dangers in using a mean value and assuming homoge 

neity of a property which is in fact extremely heterogeneous. One notable result in Figure 11 is 

the similarity of the Eureka tuff sites of reverse polarity to the Gilpin Peak unit 3 samples. 

Comparison of the distribution of mean and standard deviation for sites in these units (Fig. 4 

and Fig. 7) shows that they are indeed similar.

Included in the data reported here are several profiles both on the surface and 

underground across major productive veins, especially the Ajax and Argentine veins. The aim of 

this work was to get a three-dimensional picture of the variation of susceptibility as a function 

of distance from the vein. Figure 12 shows the results for one surface profile across the Ajax 

vein near Ingram Falls (AJAX-1 to AJAX-33, Append. 1 and Plate 1). The profile shows a reduc 

tion in magnetic susceptibility as one approaches the vein, with a superimposed high from the 

andesite dike. Further analyses of the profiles will document the relationship between vein (and 

mineralization) proximity and magnetic susceptibility.
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Conclusions

The dataset presented here forms a solid basis for the evaluation of the detailed relation 

ship between rock alteration and magnetic susceptibility in the Silverton Caldera district. Based 

upon our results to date we are optimistic that, in this area at least, our goal of mapping rock 

alteration using the magnetic field may be achievable. We have shown that the distribution of 

magnetic susceptibility is highly variable in nature and recognize that it is fractally distributed 

at scales from cm to km. The recognition of two different Eureka tuffs within and without the 

Silverton Caldera together with the discovery of as yet uncorrelated ash flow tuffs on Ohio Peak 

(Plate 1) means that a significant revision of the volcanic stratigraphy in the area is required. 

This may have a significant impact on the rock alteration and mineralization histories.
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Figure captions

1. Mean and standard deviation of magnetic susceptibility for Tt (Telluride conglomerate).

2. Mean and standard deviation of magnetic susceptibility for Tsj (San Juan formation).

3. Mean and standard deviation of magnetic susceptibility for Tsp (Picayune formation).

4. Mean and standard deviation of magnetic susceptibility for Tse (Eureka tuff).

5. Mean and standard deviation of magnetic susceptibility for Tsb (Burns formation).

6. Mean and standard deviation of magnetic susceptibility for Tsh (Henson formation).

7. Mean and standard deviation of magnetic susceptibility for Tpg 1,2,3,4-5, and 6 (Potosi 

volcanic series, Gilpin Peak tuffs).

8. Mean and standard deviation of magnetic susceptibility for Tcr, Tel, and Tf (Carpenter Ridge, 

Crystal Lake, and Fish Canyon tuffs)

9. Mean and standard deviation of magnetic susceptibility for dikes and veins.

10. Mean and standard deviation of magnetic susceptibility for quartz latltes.

11. Mean and standard deviation of magnetic susceptibility for all sites in each map unit.

12. In-situ magnetic susceptibility profile across the Ajax vein near Ingram Falls (AJAX-1 to 

AJAX-33, plate 1). The multiplicative factor of 65.15 for the susceptibility value is due to an 

error In data reduction. "Tsj" is the San Juan formation host rocks and "An dike" is an andesite 

dike.
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Table 1. Grouped number, mean magnetic susceptibility, and standard deviation 
of magnetic susceptibility for sites in listed map units. Mean and standard 
deviation of magnetic susceptibility are in units of IE-6 cgs per unit volume

Map unit

D
Je
jm
PC

Tel
Tcr
Tf
Tigr
Tiqm
Tpgl
Tpg2
pg3
Tpg4
Tpg4-5
Tpg6
Tpg (all)
Tsb
Tsbr
Tse (N)
Tse (no pole)
Tse (R)
Tsh
sht
Tsj
Tsp
Tt
Tu
V
an
gd
gg
pCuq
pCus
ql

N

30
5
5
20
19
10
16
5
10
15
15
25
5
5
15
80
225
5
60
36
40
229
5
690
62
125
15
55
5
10
5
20
20
86

Mean

1436.0
12.13
5.78
20.3
125.1
1300.0
21.0
1991.65
1638.0
81.6
27.8
96.1
27.86
6.69
5.5
53.7
618.4
1.77
416.8
55.4
91.5
179.3
18.35
350.7
979.8
27.3
8.4
43.5
2147.64
2063.0
4584.80
8.6
31.7
1385.0

Standard 
Deviation

1160.0
2.73
5.79
6.1
79.2
816.4
23.0
606.52
1747.0
72.5
21.8
173.4
3.48
4.98
2.5
107.8
955.1
1.52
447.5
99.9
175.7
637.6
5.70
494.1
1209.0
49.8
5.6
67.1
188.49
385.9
580.88
21.0
29.9
1482.0

22-
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